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IN ALFALFA. 


by 


Alfred’ E. Clarke, 
Department of Field Husbandry, 
University of Alverta, 
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Introduction. 

During recent years the growing of registered 
alfalfa seed hes pecome an important undertaking on 
the irrigated lands of southern Alberta ,particularly 
in the Brooks district. Alfalfa seed is grown on a 
larger scale in the Brooks district and in southern 
Ontario than anywhere else in the Dominion of Canada 
and these two regions are recognized as being among 
the largest. alfalfa seed-growing areas on the North 
American continent. The growing of registered alfal- 
fa seed has proved profitable for the seed sells read- 
ily at a good price. Unfortunately, however, the size 
of the seed crop fluctuates a great deal from year 
to year owing to climatic and other environmental 
factors. Also, individual plants vary a great deal 
in their seed-setting capacity,that is, two plants 
of the same variety may be grown side by side and one 
of these plants Le form a large numver of pods while 


the other may form very few. 
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Since it is important that knowledge regarding 
the factors which influence seed-seéting in alfalfa 
should be inereased, a study of this problem was comm 
menced at the University of Alberta in the spring of 
1925. Previous work done elsewhere on the seed-setting 
problem has been confined almost entirely so Geen 
observation and supebficial field experiments. By com- 
bining a study in the field with experimental work 
in the greenhouse and the laboratory,paying particu- 
lar attention to the normal behavior during the pro- 
cesses of emake senes ie oogenesis fertilization and 
embryogeny, and studying any abnormalities which might 
be found during these stages, it was hoped that data 
might be secured regarding the fundamental basis of 
the problem. Obviously, an exhaustive study of all 
aspects of the seed-setting vroblem would necessitate 
long and intensive research. Consequently, the pres- 
ent investigation, which has been carried out at the 
Suggestion and under the direction of Professor J. R. 
Fryer, has been confined to a study of spermatogenesis 


and related pnenomena in alfalfa. 


Review of the literature. 

Probably the most important microscopie work 
whieh has been carried out with alfalfa is a study 
made by liartin (40) of the development of the ovule 
in five species of legumes, ineluding Medicago sativa. 


Castetter (13) has studied pollen development in Mel- 
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ilotus alba and Miss Latter (37) has made similar stud- 
ies with Lathyrus odoratus. Weinstein (51) has made 
eytological studies on the development of both the 
anther and ovary of Phaseolus vulgaris. Literature 
dealing with spermatogenesis in alfalfa is neglig- 
‘Eble: Hlders (26) has reported the chromosome number 
for Medicago sativa as being thirty-two in the dip- 
loid condition. All of his counts,however, were obtained 
from root tips and he made no preparations of the 
anther. 
While no microscopic studies have been made 
on pollen development in alfalfa,some investigations 
have been carried out which treat of the seed-set- 
ting problem.in relation to environmental factors. 
Moisture conditions are known to have an im- 
portant effect. Stewart (50) states that all the large 
alfalfa seed-producing zones aré in arid or semi- 
arid regions, When an abundant supply of soil moist- 
ure is present, alfalfa grows very rapidly and gives 
a high hay yield but sets little seed. During the 
growing of the seed crop it seems necessary that a 
constant suvply of moisture be maintained somewhere 
within reach of the plant, but at no period should 
it be so easily available as to induce rapid vege- 
tative growth. Blinn (7) in 1919 found at the Color- 
ado Experimental Station that alfalfe seed failed 
to set under field conditions due, it was thought , 


to abnormally wet weather during the spring and sum- 
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aire 
mer months,yet plants grown in cement pots which re- 
ceived heavy applications of water all set seed fair- 
ly well. When water in varying amounts was applied to 
plants grown in cement pots, the results did not show 
that alfalfa seed yields could be controlled by the 
eat ian of any definite amount of water. This 
would seem to indicate that there are other factors 
influencing seed-setting besides any particular mois- 
ture supply. 

Martin (41) found that there are two causes 
of failure of seed to set in alfalfa,-the failure of 
the pollen to germinate and the "blasting” of the seed. 
The germination of the pollen depends upon a proper 
supply of moisture.The water requirements for the 
germination of the pollen depends upon a certain 
ratio between the moisture delivered by the stigma 
and the moisture of the air surrounding the stigma. 
The "blasting" of seed is due to the arrested devel- 
opment of the embryo owing either to the plant's in- 
ability to furnish the proper water and food supply 
for the maturing of. the seed during drought or to 
some pathological conditions to which the seed is 
more susceptible under drought conditions. 

Heat and light also seem to be important. 
Glimatiec factors. Piper and his co-workers (42)have 
shown that hot sunshine induces automatic tripping, 
that is, tripping without the interference of other 


natural agencies such as insects. Piper also showed 
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that tripping is necessary for pollination,Aicher (1) 
believes that there is a close correlation between 
the number of days of sunshine during the summer 
season and the’ amount of seed-setting. Blinn (7) 
found that plants growing along the edge of a dry 
bare ditch set seed heavily on the branches nearest 
the ground, while the balance of the branches were 
practically barren of seed. This, he thought, was due 


to the dry, sandy surface reflecting both heat and 


Gray (30),working at Lethbridge,Alberta, 
found that the wind is a very poor factor in tripping 
alfalfa blossoms and is of value in only the most 
unusual eases. 

Pollination may be effected by long-tongued 
insects such as leaf-cutter bees (Megachile) and 
bumblebees or by automatic tripping.Pollination by 
insects brings about cross-fertilization while auto- 
matic tripping brings about self-fertilization.in 
the Opinion of Professor Strickland of the Depart- 
ment of Entomology,University of Alberta,the leaf- 
eutter bee is very common throughout Alberta. 

Piper (42) found that bright sunshine induces 
automatic tripping.Owing to the latter phenomenon 
it is possible to obtain good seed yields in regions 
where inseétés adapted for tripping are not numerous. 
Aecording to Stewart (50) alternating spells of cloudy 


and bright weather with moderate wind and oceasional 
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showers are considered favorabte for automatic tripping. 

Hay (31) has studied the effect of artificial 
tripping on seed-setting at Lethbridge,Alberta.He 
found that 9.48 per eent. of the artificially tripped 
flowers and 5.94 per cent. of the flowers used as 
cheeks set seed and concluded that with such a low 
percentage of seed pods from the flowers that were 
tripped,evn though it was tumkke almost double that 
from the cnecks,lack of tripping was not the Lins b- 
ing factor, He found that neither the time of day 
when the tripping was performed nor the color of 
blossoms showed any relation to seed-setting.sSince 
he tripped omly 960 flowers ,using the same number 
as a check,the investigation was not performed on 
a large enough seale to be conclusive. In some un- 
published work done at the University of Alberta by 
the writer it was found that a very much higher per- 
centage of seed than that reported by Hay was ob- 
tained.However, the plants at Edmonton were spaced 
three feet each way while at Lethbridge they were 
grown in rows, and plants which are thinly spaced 
always tend to set seed more freely. 

Seamans (45) found that alfalfa thrips ,es- 
pecially Frankliniella occidentalis Pergande,are 
very prevalent in Alberte,and that seed production 
in alfalfa is materially reduced by these insects 
in two ways. The most severe losses are caused by 


the thrips feeding on unopened buds,while lesser 
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losses are caused by the thrips feeding on the ovaries 

of unopened flowers or on the young seed pods.At Leth- 
pridge,in 1922,caged blossoms which were tripped artificially, 
but which contained thrivs, were so badly injured 

that only sixty ver ceht. of the flowers set seed 

with an average of 3.4 seeds per pod, while the 

thrivs-free blossoms under the same conditions resulted 

in a one hundred per cent. seed setting with an av- 


erage of six seeds per pod. 


Materials and methods. 

Twenty-three varieties and strains, as shown 
in Table I, were available for study. 

All of these strains were grown in the field, 
in rows three feet apart,the individual plants being 
spaced three feet apart within each row, Plants were 
also grown in the greenhouse. Some of the latter were 
nalvea and the halves grown under different moisture 
and temperature conditions. in this way the effect of 
environment could be measured without being complicated 
by inherent differences between different plants. 

Also an abnormal plant was found in a field of 
Aretie sweet clover planted from seed obtained from 
the University of Saskatchewan. Professor Kirk has 
suggested that such aberrant plants are natural hy- 
brids between sweet clover and alfalfa. 

Temporary mounts with fresh material were made 


by Selling’s smear method, anthers being teased out 
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in the stain with nickel instruments and the cover 
glass being sealed with gum damar or vaseline. Lat- 
er goft melted paraffine was used for sealing and 
gave better results. Owing to difficulty in obtain- 
inh fresh material from the greenhouse during the 
earlicr part of the winter months some of the smears 
were made from material previously fixed in form- 
alin-acetic-alcohol. 

For permanent mounts prepared by the paraf- 
fine method, flowers were fixed at various stages 
from the very smallest buds until after fertilizat- 
ion. Several fixing agents were employed. Formalin- 
acetiec-aleohol was used in the following proport- 
Lons:; 

Cngewel Beet e Le ORO ls. 6 cass e.mimmie 40,0, Cn, Ce 
Comme re LAT) OVS) 15) oa esi elece: enersisiensie ier), (oy sie, se’ 

NOT ALCON O |, 6 we ajoie.0,0 060,00) 0h0.0\e.meie0 4 6990, Gro Cis 

The advantage of this fixing agent is that the mater- 
ial may be lett in, the, solution for months, , 

Carnoy's fluid was also used for some of 
the earlier fixations. It was made up as follows: 
POC ey AL COMO isisllele cele cales sce eee 6 Darts 
CU OIOF OTe io) claielaneie @) issue oehe ole secre, 2. DEL aS 
Glacial acetic PLE CMON «wees oheiaiame s.ejey -t, Pare 

Excellent results were obtsined from the use 
Of Bouin's fixing agent as modified by Allen, the 
composition of which is given pelow: 


Pieric acid, saturated aqueous solution... 75 c. Ce 
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Gommercial formalin..ccccccrce GO Go Co 

Siaavel seetie Sete Pe eee. OF OP ONS Gah Ge 

URES “EPYStAlLS silos welseciees & BM. 

Chromic ‘acid erystals......... 1.5 gm. 

The material was fixed in this solution for 
ganepal hours after the air had been evacuated from 
the tissues by means of an air pump. After fixing 
the material was run from water up to 75 per cent. 
alcohol in one hour, and thoroughly washed in 75 per 
cent. alcohol to whieh a few dronvs of lithium car- 
ponate had been added. The materfial was then dehy- 
drated and embedded in paraffine in the usual way. 

Preparations were sectioned at a thickness 
of about 10 u. 

Among the stains used were acueous eeeveain 
and the quick haematoxylin method described by Cole 
(26). Satisfactory results were obtained py using 
detabic Delafield's haematoxylin, the best different- 
iation being secured when the sections were over- 
stained and then partially destained in YO per cent. 
sveonol! to whieh a couple of drops of hydrochloric 
acid had been added. 

Examinations were also made of mature vole 
len stained with chloral-hydrate-iodine solution 

(water 50 ¢.c.,chloral hydrate 50 gm.,iodine 1 gm., 
and absolute alcohol 50 c.c.) as described by Long- 


ley.(38). Pollen grains were also stained by Bel- 
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ling's iron-acetocarmine Aan dedepatne the per- 
centage of sterile pollen present,flowerg were tripped, 
the anthers removed by means of fine forceps,and 

the anther sacs teased avart in a drop of Longley's 
solution placed upon a slide. The remains of the 
“anther were then removed and & cover glass placed 

over the pollen grains left in the solution. By 
mieroscopic examination it was possible to distin- 
guisu the empty pollen grains from those possessing 
protonlasmic contents.in order to make conditions 
tniform,only flowers were used which were ready for 
tripping but had not yet tripped. 

Pollen was also germinated in sucrose solut- 
ions, of varying strengths, the best results being 
obtained with thirty per eent. solutions. However, 
sucrose solutions did not prove satisfactory because 
the pollen tubes did not attain any appreciable 
length before bursting. Better results were obteinea 
by eerminating the pollen on a 1s per cent. agar 
medium containing about 25 per cent. sucrose. The 
germinated grains were transferred to a satiate etinea 
and mounted, the cover glass being sealed with par- 
affine. Methyl green in glycerine proved a satis- 
factory stain. the nuclei could be seen to advantage 
when : Wratten F photomicrographiec filter No. 29 


was used. 
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Development of the stamens. 
In the alfalfa blossom there are ten stamens. 
The stamens arise in two whorls. In the young bud 
there is a whorl of long stamens and a whorl of short 
ones, a long and a short stamen alternating. (Fig.1) 
The two whorls, however, originate at the same level 
but the long stamens are older than the short ones 
and are always found to be at a slightly more advanced 
stage of development. Consecuently when a young bud 
is sectioned anthers will be found at two stages of 
development. Nine of the ten stamens become joined 
together at their base to form a stamen sheath or tube. 
The tenth stamen, the posterior one, remains free, 
This stamen never grows to the same length as the 
remaining nine. At maturity the difference in length 
between the two sets of stamens is not so noticeable 


as in the earlier stages. 


Develo ment of the wall layers of the anther. 


The development of the anther is, in general, 
Similar to the usual method of anther development 
found in the majority of angiosperms. Like most 
species, the anther produces four microsporangia. 
(Pig. 2) However, four archesporiel regions are not 
found in all legumes for Miss Erith (27) has reportéad 
that the anther of Trifolium repens is Diloeular , 


that is, it possesses only two anther loves and 
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only two microsporangia are formed. 

The microsporangium of alfalfa becomes dif- 
ferentiated off at a very early stage.iyhen it can 
first be definitely distinguished it consists of 3 
hypodermal column possessing in cross-section from 
‘three to five cells. On the outside of the young an- 
thepoisna,stimeleclayer ofepidermal’ celis. dust 
withinvit is a single nepbderhat layer. The cells 
of this initial hypodermal layer divide to form the 
primary parietal layer to the outside’ and the pri- 
mary sporogenous layer to the ingfide. The first 
division (of the mrimary parietal “eells ‘gives rise 
fo two layers, the inner becoming the tapetum, the 
outer dividing a second time to form the endotheciunm 
adjoining the epidermis and the so-called "middle 
layer" between the endothecium and the tapetum. 
Consequently three layers are derived from the pri- 
mary parietal eells,-the endothecium, ‘the "middle 
layer" and the tapnetum. (Fig.3) These conclusions 
Fegarding the development of the outer layers of 
the microsporangium have been deduced from the ap- 
pearance and position of the cells in question as 
the actual cell divisions were not observed. 

the cells ot the Dadaie layer” are long, 
narrow and rather inconspicuous. In no instance 
was this layer found to be more Shan a single cell 


thick. Indeed, in some places it may be missing. 
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The tapetum is differentiated off at an early 
stage and can be readily distinguished by the time 
the spore mother cells are formed. Throughout their 
life-history the tapetal cells remain uninucleate. 
These tapetal cells are quite large. They commence to 
preak down at about the tetrad stage of pollen de- 
velopment. By the time the pollen grains are rounded 
off these cells are breaking down rapidly (Fig.4), 
and by the time the anther has reached maturity the 
"middle layer" and the tapetal layer have completely 
disappeared. (Fig.5) 

The endothecial cells increase in size until 
they form the chief part of the anther wall. (Fig. 5) 
The epidermal cells remain as a broken layer of irreg- 
ularly shaped cells on Ri aipeaiden 

In a transverse section through a mature anther, 
the tissue separating the two adjacent microsporangia 
is found to have broken down. The line of dehiscence 
is located at this point (Pig. 6). Se eaniaead stom- 


ial cells were not observed. 


The resting spore mother cell. 


The primary sporogenous layer undergoes sev- 
eral divisions to form the spore mother cells. The 
mature resting spore mother cells are polygonal in 
outline and closely packed together. All the tissues 


of the young anther show no space between adjacent 
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cells unless, perhsps, there is sometimes a gap be- 
tween the tapetal cells and the spore mother cells 
adjacent to the tapetum. A number of preparations 
show some space at this point but this may be due 
to slight contraction of the spore mother cells 
caused by the fixing agent. 

The resting spoke mother cell is filled 
with cytoplasm and possesses a very large, conspic- 
uous nucleus, generally near the centre of the cell. 
This resting nucleus presents a faintly staining 
reticulum of granular appearance, and a large deep- 
staining nucleolus more or less spherical in shape 
and centrally located. Immediately around the nucle- 
olus is a comparatively light-staining zone, the 
karyoplasm or nucleoplasm evidently being less dense 
in this central area than it is at the periphery 
of the nucleus (Fig. 7). Occasionally two nucleoli 
are found within a single nucleus, but no instance 
of the occurrence of more than two was observed. 
When two individuals are present each is smaller in 
size than when only a single nueleolus oceurs. In 
Suitable preparations, rather faintly stained, the 
nucleolus was found not to be homogeneous through- 
out but to possess vacuolated areas containing small 
granules ealleé "nucleolini", "argentophile granules" 
or “crystal bodies" by different workers who have 


found them in other species. ‘jhile the number of 
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these bodies present in a single nucleolus. varies, 
the nresence of at least one seems to be a constant 
feature at this stage. When more than one is found 
usually one is considerably larger than the others 
and circular hmv outlines (Pies Ve Probably the 
-endonucleolus or nucleolar body ig derived from this 
large round body. lliss Latter (37) has suggested that 
these granules possibly represent depositions of 
protein material to be utilized by the spore mother 
cejl during the stage of activity upon which it is 
about to enter. She attempted to verify her hypoth- 
esis by means of microchenical tests but without 
much success due to the exceedingly small size of 

the vodies with which she was working. During the 
present investigation nuclei of various somatic 
tissues were studied to find out if similar bodies 
existed in them but) no conelusions could be drawn. 

Im: the tapetal: cells; however, these nucleolini are 


. present. 


First meiotic division. 

The beginning of the prophase of the first 
reduction division is marked by the contraction of 
the karyoplasm away from the nuclear memorane and 
its collection about the nucleolus in the centre of 
the nucleus, leaving a clear zone to the outside. 
(Pig. 8). The large nucleolus gradually leaves its 


central position until it comes in contact with the 
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nuclear membrane. It then becomes flattened along 
the membrane and its former sperical shape is lost. 
(Fig. 9). The karyoplasm is carried along with the 
nucleolus and now forms a dense knot beside it, 
called the synizetic kmot, and the stage is known 
as synizesis. When more than one nucleolus is pres- 
ent there appears to be no relation between the diz 
rectionsof movement of the two nucleoli. During 
these early stages of the prophase thin threads be- 
pin to appear in the granular mass of. karyoplasm. 
Miss Latter (37) has suggested that while the gran- 
ular mass appears to be formed by rearrangement 
of the granules in Jimear series it is more prob- 
ably due to the deposition of a stainable substance 
On a, formerly unstainable Jininm thread on whieh the 
granules are situated. Judging from the large number 
of preparations in which synizesis was found, this 
stage lasts for a comparatively long time. 

The synizetic knot begins to leave its po- 
sition beside the nucleolus and travels towards the 
opposite side of the nucleus, but remains attached 
to the nucleolus by a few fine threads (Fig. 10). 
The synizetic knot continues to pecome more thread- 
dike in appearance, loosening up into a long. eon- 
tinuous, irregularly looped thread called the spi- 
rem¢é. This thread eventually fills practieally the 
wmuele of the interior of the nucleus. This is known 


as the open spireme stage. Small beads of darkly 
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siolpe 
staining substance sebsternee are distributed at ir- 
regular intervals along the length of the thread. 
Longitudinal splitting of the thread was not observed. 
Throughout this process, the thread remains attached 
to the nucleolus at a particular spot called the 
waclestas body or endonueleolus. As already mentioned 
thts body is prebably derived from the large erystal 
hody observed in the nucleolus of the resting spore 
mother cell. The nucleolar body is more darkly stein- 
ing than fe remainder of the nucleolus. the nuclear 
area has now attained its maximum size and there are 
indications thet the cells are beginning to loose 
their polygonal’ outline and’ to’ round off. 

the’ threads mext thicken considerably (Fig. 12 
and finally break up into the chromosome lengths. 
(Figs. 13 and 14). No pronounced second contraction 
was observed. Miss Latter (37) found that in Lath- 
yrus odoratus during the broechonema stage the thread 
arranges itself into seven loops, esc loop corres- 
ponding to a bivalent chromosome. In the sweet pea 
the haploid cnromosome number is seven, but in al- 
faifa the haploid chromosome number is sixteen, end 
it would be very difficult to distinguish such a 
large number of loops in what is really a small 
nucleus. It is quite possible, however, that the 
procedure is similar to that described by Miss Lat- 


ter. Unfortunately good preparations of the leter 
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prophase stages were not secured and it is consequent - 
ly not possible at this time to give the details 

of the chromosome behavior. At the close of diakin- 
esis the nuclear membrane and the nucleolus disap- 
pear and the spindle is formed. 

Tt was not found possible to determine whether 
the union of the chromosome pairs is telosynaptic 

or parasynaptic. 

The bivalent chromosomes now become grouned 
on the equatorial plate of the spindle (Fig. 15). 
Fach chromosome appears Go become attached to one of 
the spindle fibers. The nuclear’area is now scarcely 
distinguishaple from the surrounding cytoplasm. 

The cnromosome pairs next separate, one mem- 
ber ot the pair going to’ one pole and the Other go- 
ime tO the opposite pole (Nie. 17), Lt is during 
the anaphase in cells showing polar views that the 
most satisfactory chromosome counts can be abtained. 


(Pig. 16). A few counts were obtained in both Med- 
igago sativa and Medicago media. In both species 

the haploid chromosome number was found to be sixteen. 
This corresponds satisfactorily with the diploid 
chromosome number of thirty-two in Medicago sativa 
previously reported by Elders (26). Chromosome counts 
were not obtained for Medicago falcata. Since Med- 


ieago media is generally accepted as a natural hy- 


brid between the other two species, it would seem 
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only reasonaple ne suppose that Medicago faleata 
has the same chromosome number. 

The chromosome number is of some importance 
in relation to sterility in alfalfa because, if 
Medicago faleata and Medicago sativa had different 
chromosome numbers, sterility in varieties of Med- 
iecago media, such as Grimm and Ontario Variegated, 
might be due in part to abnormal curomosome behavior 
resulting from such & cross. It would seem, however, 
that chromosome abnormalities of this sort are not 
a factor. 

The chromosomes fuse together at the two 
opposite poles of the spindle in the telophase or 


fimel stage-er the’ firet divisions’ (Fig. 18). Ne 


eell wall is formed between the two nuelei, 


Interkinesis. 
In the interval between the first and second 
divisions it would seem that the resting daughter 
nuclei are not completely eae the nuclear 
membranes are developed, no nucleoli were observed. 
(Fig. 19), Castetter ( 13) states that in Melilotus 
alba complete resting nuclei are constructed during 
interkinesis. While no OP EEE Beg of the point was 
found in the literature, it would seem but reason- 
able to expect that the duration of interkinesig 


would depend very largely on the growing conditions. 
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Tf conditions are favorable, interkinesis would nat- 
urally be brief and a complete resting nucleus would 
not be constructed, perhaps even a nuclear membrane 
being lacking. Under unfavorable conditions, how- 
@ver, a longer period would elapse between the first 
and second divisions and consequently perhaps 2 com- 


plete resting nucleus would be obtained. 


second meiotic division. 

Two spindles are formed simultaneously. 
They vary considerably in their space relationships 
as they may lie in the same plane (Fig. 20) or at 
an angle to one another. 

When the telophase is reached the chromo- 
somes fuse, the nuclear area inereases in size and 
a nuclear membrane is formed, Finally a nucleolus 
is formed.in the late telophase stage the four nu- 
elei resulting from this second division appear to 
have connecting strands between them (Pig.21) but 
these later disappear. (Fig. 22). A tetrahedral 
arrangement of these four nuclei has generally been 


found to occurs 


Origin of the spore walls of the tetrad. 


No indications of wall formation are found 
until both the meiotic divisions are completed, So 
far as hes been determined the walls of the tetrad 


are formed by the ordinary furrow method.Constrict- 
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ion furrows appear at the periphery and grow inwards 
until they meet at the centre. In this way the four 


spores are formed simultaneously. (Fig.23). 


Development of the pollen grain, 


The spores within each tetrad round off 
and finally separate from one another, each spore 
forming a pollen grain. 

The wall of the mature pollen grain consists 
Of two layers ealled the exine and intine. The exine 
if several times as thick as the intine. The intine 
is very thin and rather elastic. Upon the surface 
of the pollen grain &ppear three thin spots. (Fig. 25). 
These are probably ae to the absence of the exine 
although it may be that the exine is present but 
aes thinner than in the other parts of the 
wall.it is through one of these pores that the pol- 
len tube develops. Sometimes the intine begins to 
protrude through each pore but only a single pol- 
len tube develonrs. 

When the pollen grain is first formed only 
a Single nucleus is present. This nucleus is gener- 
ally centrally located. Later it divides to form the 
vegetative and generative nuclei. (Fig. 26). In no 
instance were more than two nuclei found in a single 


pollen grain. 
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Germination of the pollen grain. 

By using a nutrient agar medium the alfalfa 
pollen grains are readily germinated.The pallen 
tubes frecuently attain considerable length, often 
reaching twenty or more times the length of the 
diameter of the grain, Growth is quite rapid as most 
of it is made during the first few hours. The in- 
tine often protrudes for a considerable distence 
through one of the pores before bursting (Fig. 24). 
After germination the vegetative and generative 
nuclei are conveyed into the pollen tube. (Fig. 27). 
Tt would seem that the generative nucleus does not 
divide into the two male gametes until after the 
generative nucleus has been carried into the pol- 
len tube but this division has not veen observed. 
The pollen tube is considerably thicker at its tip 


than elséwhere, 


Time relations of anther development, 


The anther develops much earlier than the 
ovary. Newly formed pollen grains eve been found 
in very small buds in which the integuments are 
just beginning to bud off at the base of the ovules. 
Pollen grains are A ae much earlier oath the 
ovules. Coffman (19) has found that the alfalfa bud 
begins to shed its pollen when not more than about 


seven millimetres in length, 
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Pollen sterility. 

Tt was found that pollen grains possessing 
no protoplasmie contents, and which are therefore 
undoubtedly sterile, are of very frequent occurrence. 
(Fig. 28). Consequently pollen from a large number 
of flowers from different plants was examined. In 
order to keep conditions as uniform as possible 
eounts of the number of fertile and sterile grains 
were in all eases made from flowers which were ready 
for tripping but had not yet tripped. Grains posses- 
sing protoplasmic comtents were counted as being 
fertile, an assumption which may or méay not be true. 
It should be borne in mind, therefore, that the min- 
imum percentage rather than the total percentage 
of sterile pollen was determined by this method. 

The results of the pollen counts are ziven in Table 
Et. 

Prom the data presented in Table If it will 
pe seen that, within rather wide limits, the per- 
centage of empty pollen grains found in different 
flowers of the same plant is constant. Wide variat- 
ions are frequently found, however, between differ- 
ent plants, even though they belong to the same var- 
iety or strain. Counts made several days apart from 
different flowers belonging to the same plant showed 
no Significant fluctuation in the percentage of 


sterile pollen. Also there seemed to be no correl- 
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Variety 


Grafton 
Grafton 


Grafton 
Grafton 


Kirk 
Kirk 
Kirk 


Kirk 
Kirk 
Kirk 


Kirk 


Wi Tey 
Wiley 


Wiley 
Wiley 


Lyman 
Lyman 
Lyman 
Lyman 
Lyman 
Lyman 


Lyman 
Lyman 
Lyman 
Lyman 
Lyman 


Hansen's 
Hybrid 


Hansen's 
Hybrid 
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Sterile pollen grain counts. 


Plant 
No. 


LO. 
TO.t 


20.1 
rake wea 


42eL 
4201 
421 


4B o1 


4361 


451 
46.1 


35e1 
D5el 


3501 
35 el 


69 ol 
69.1 
69.01. 
69.1 
S720 
69.4. 


70.1 
Oe L 
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70.1 
(LoL 


87.3 
87.35 


oat 
LL ais 


No...sterile 
pollen grains 


54 
67 


No. fertile 
pollen grains 


195 
429 


561 
282 


607 
407 
204 


359 
120 
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% sterile 
pollen 


15 
14 
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Table TI(Continued) 
Sterile pollen grain counts. 


variety Plant No. sterile No. fertile % sterile 
No. pollen sraing pollen grains “pollen 


Hansen's -~--- 351 107 oo 
Hybrid ---- 359 LL? 66 
Obb 20a 6L 21a 247 46 
Obb 20g 61 201 189 52 
Obb BOgie L 61 168 | 56 
Obb 206.1 75 573 12 
Obb 206.1 15 152 a 
Obb 206.1 4.5 365 de 
Obb AO le 26 aon 10 
Wiley-Grown oA 78 TOL LO 
in the green- 3A 41 ons) 12 
house under oA 20 516 6 
hot, moist 3A 15 192 7 
eonditions oA 
Wiley-Grown ab 25 554 7 
in the green- 3B 19 oa0 5 
house under 35 69 397 15 
€00L, moist 3B ao 390 12 
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ee 
ation between the amount of sterile pollen possessed 
by a plant and the quantity of seed set. Counts ob- 
tained from the two halved of a Single initial plant 
grown in the greenhouse under different temperature 
conditions did not indicate that temperature dif- 
ferences alter the sterile yvollen content. 

As the amount of sterile pollen possessed 
by any given plant seems to be constant, and as the 
percentage is frequently very high, it may well be 
that this seemingly inherent difference will account 
in a very large measure for the wide fluctuations 
in seed-setting capacity exhibited by different plants 
of the same strain. If so, this will be an import- 
ant consideration to the plant breeder. However, 
much more data is required before any definite con- 
elusions in this regard can be drawn. 

Not only were sterile pollen grains found 


put sterile tetrads were also observed. 


Sterility in an aberrant sweet clover plant. 


In the aberrant sweet clover plant already 
described a high percentage of sterile pollen was 
found. If, as has been suggested, this plant is a 
natural hybrid between alfalfa and sweet clover, 

a high degree of sterility is only to be expected 
Since the haploid chromosome number for sweet clover 
is e¢ight while for alfalfa it is sixteen. Kirk (36) 
has found considerable sterility in these aberrant 


plants but claims to have obtained selected lines 
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Summary. 

1. The stamens of alfalfa develop in two whorls, 

one whorl being longer and more advanced then the 
other during any particular stage of development. 

ae the anthers are,in general, similar to those 
found in the majority of angiosperms.Fach anther 
possesses four locules. 

5, The wall of each pothen sac consists of an epi- 


dermis, endothecium, "middle layer", and tapetum. 
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The "middle layer" is only one cell thick. The 
tanetal cells remain uninucleate throughout their 
life-history. As the anther matures the "middle 
Layer" and tanetum disappear and the endothecial 
eells increase in size. 

4.The resting spore mother cell is polygonal in 
outline. Tt possesses a large nucleus whieh con- 
tains a nucleolus centrally located. Within the 
nucleolus are found nucleolini. 

5.The stages occurring in the first meiotie divis- 
ion are described, 

6.The haploid chromosome number for both liedicago 
sativa and Medieago media is sixteen. 

7,During interkinesisg there is formed a nuclear 
membrane but not a nucleolus. 

8,.The arrangement of the spores at the close of 
the second meiotic division is tetrahedral. 
Walle are not formed until the close of the 
second division. 

9. The spore walls are formed by furrowing. 

10.The mature pollen grain has a wall composed 
of two layers, the intine and the exine. 
Three “thin spots" oceur in the wall. 

ll.When first formed the pollen grain nas only a 
single nucleus but this later divides to form 
the generative and the vegetative nuclei. 


12.fPollen grains germinated on a nutrient agar 


medium develop pollen tubes of considerable 
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length. The pollen tube emerges through one of the 
"thin spots", The division of the generative nuc- 
leus into the two male gametes probably does not 
take place until the generative nucleus has migrated 
to the pollen tube. 

13.Sterile pollen grains and sterile tetrads were ob- 
served. The amount of sterile pollen appears to be 
fairly constant for all flowers of a particular 
plant but wide variations in this respect were found 
among different plants. 

14.5terile pollen was found in an aberrant sweet chover 


plant. 
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Explanation of plates. 


Fig.l An early stage in stamen development, showing 
the long and short stamens alternating. (X 80) 

Fig.2 Transverse section through half of a young 
anther, showing the microsporangia. The tape 
etal cells have been shaded. (X 360) 


Transverse section through the wall layers 
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of an early stage of a mierosporangium, show- 
ing the epidermis, the endothecium, the "mid- 
dle layer", the tapetum and the spore mother 
cells. (KX 1250) 

Fig.4 Transverse section through part of a pollen 
sac showing the breaking down of the tapetal 
cells (shaded). The epidermis and the endo- 
thecium are shown. The pollen grains have 
just rounded off and each possesses only a 


single large nucleus. (X 1650) 


bes 
fw 
eis) 
® 
Or 


Transverse section through part of the wall 
of a pollen sac showing the size of the epi- 
dermal and endothecial cells in comparison 

wite a pollen grain. (X 1250) 

Fig.6 Traneverse section through part of a mature 
anther. The tissue separating two of the 
miecrosporangia has broken down. The point 
of dehiscence is shown. (X 340) 

Pige? <A resting snore mother cell. The nucleolus 

is situated in the faintly stained central 


portion of the nucleus. Within the nucleolus 
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Fige 9 


Pig.18 


Pie wLg 
Pig.20 


is not well marked and the 


are three nucleolini. (X 2000) 

Very early provhase of the first meiotic 
division, showing the karyoplasm contractéd 
away from the nuclear membrane. (X 3000) 

The nucleolus is flattened along the nuclear 
membrane. (X 3000) 

Synizesis. The synizetic knot is attached to 
the endonucleolus by a few fine threads. 

(X 3000) 

Open spireme. (X 3000) 

Later prophase after the thread has thick- 
ened considerably. (X 3300) © 

The thread is breaking into the cnromosome 
lengths. (X 3300} 

A-little later stage than Pizg.13. The thread 
The nuelear membrane 


has broken up still more. 


nucleolus is becon- 


ing vacuolate. (X 3300) 


Metaphase of the first meiotie division. 
(X 3300) 

Polar view showing sixteen chromosomes. 
(2 3200) 

Anaphase of the first meiotie division. 
(X 3200) 
Telophase of the first medetia division. 
(X 3200) 
Interkinesis. (X 2750) 


Metaphase of the second meiotie division 
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Fig.25 
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and. generative nuclei, 


“pl aS 


showing the two spindles lying in the same 
nlane (X 2750) 

Telophase of the second meiotic division, 
showing the connecting strands between the 


nuclei. (X 2750) 


Later stage than big.21. The connecting strands 


are no longer present. Each nucleus possesses 
& nuclear membrane, and nucleoli are being 
formed. (X 2750) | 
Tetrad of spores, showing the comphetely 
formed walls. Hach spore has a large nucleus 
in which a nucleolus is to be seen. (X $150) 
Germinated pollen grain, showing the intine 
stretched out for some distance along the 
pollen tube. (X 560) 

Pollen grain with only a single nucleus. 
The intine is protruding through the three 
"thin spots”. (xX 4000) 

Mature pollen grain showing the vegetative 
(2) 7275) 
Germinated pollen grain showing the two nuc- 
lei in the pollen tube. (X 590) 
Photomicrograph showing fertile and sterile 


pollen grains within the pollen sac. (X 248) 
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